In this paper the structural mode shapes extracted from the finite element model of a simply supported reinforced concrete beam are employed for damage identification using different wavelets. To start with, the parity of signals, wavelets and their convolution, i.e., wavelet transform properties, are verified. In light of the mathematical modeling complexity of modal frequency, which relates to the location and quantification of damage of the reinforced concrete beam, the maximum curves based on multi-resolution wavelet transform coefficient differences and the corresponding theoretical assumptions are described and analyzed. It is concluded that the maximum curve reaches a peak value at a specific scale for a specific case, based upon which, a new mode shape based algorithm and damage index are proposed for damage identification. The accuracy of localization and the sensitivity of quantification are further discussed. The application of this method for damage detection in a reinforced concrete beam under seismic load is demonstrated.
INTRODUCTION
Structural health monitoring (SHM), has been the subject of intense research and development in the last two decades (Wu and Fujino 2005) . Mode shapes extracted from structural modal analysis have been extensively used to detect structural damage. Curvatures and their continuous wavelet transform of differences between measured mode shapes of a damaged beam and that from a polynomial that fits the mode shape of the damaged beam were processed to yield a curvature damage index and a continuous wavelet transform (CWT) damage index, respectively, at each measurement point. In this work, as an extension of a recently proposed method (Farouk 2014), a theoretical and comprehensive multi-scale analysis based methodology for damage identification for a reinforced concrete beam using wavelet coefficient difference curves is introduced. In order to utilize wavelet transform for the damage detection in a reinforced concrete beam, damaged due to seismic action, a simply supported reinforced concrete beam with the geometric dimensions of L=2m, B=0.15m, H=0.3m is modeled through finite element method and is used for the damage detection analysis. The cases for the damage include the occurrence/presence of damage at different depths, i.e., the extent of damage. For the purpose of simplicity, the nodes along the neutral axis of the finite element model are selected, as the reference axis for the mode shape based analysis for damage identification presented in this study. 
RESULTS AND CONCLUSIONS
Due to space limitations a selected set of results are presented. Based on the values of damage quantification index, 3D fitting curves are plotted to intuitively reflect the relative and absolute values of damage quantification index. The damage occurs continuously. The distribution of corresponding damage localization accuracy is shown in Figs.1-4 . As the investigation presented in this paper demonstrates, wavelet based damage identification methodology is unable to precisely localize or even to quantify the damage by using the traditional modal frequency analysis. Symlet2/Daubechies2/Mexican Hat were utilized as wavelets chosen to analyze the structural mode shape wavelet coefficient differences between the original and the damaged structures. The authors have proposed an algorithm for a mode shape based damage identification for a reinforced concrete beam by using wavelet coefficient differences.
